The stabilities of B77 avian sarcoma virus intracellular RNAs were compared to the stability of the total cellular poly(A)-containing RNA by labelling infected chicken embryo fibroblasts with [3H]uridine for 15 h, adding actinomycin D (1 ~tg per ml) to block further transcription of viral RNA, and selecting virus-specific RNA from the total cellular poly(A)-containing RNA at 3 hourly intervals. The three virus-specific RNA species (9-3, 3.3 and 5.4 kilobases) decayed with half-lives of 7-5, 10, and 15 h, respectively, whereas the bulk of the cellular mRNA decayed with a half-life of 13 h. To correlate these decay rates with the disappearance of mRNA activities, the actinomycin D-treated cells were pulse-labelled with [3H]leucine at 3 hourly intervals after the addition of the drug and virus-specific protein synthesis was assayed by immunoprecipitation. The mRNA activity for the precursor to the non-glycosylated viral structural proteins (Pr76g ag) decayed with a half-life of approximately 6 h, whereas the mRNA activity coding for the precursor to the envelope proteins (gPr92 env) decayed with a half-life of 14 h. Thus, the rate of decay of the individual mRNA species corresponded reasonably well with the decay rate for the synthesis of two of the corresponding gene products. The results indicated that the 5-4 kb env mRNA is more stable under these conditions than the 9.3 kb gag mRNA but was not significantly more stable than the bulk of the cellular mRNA. Virus particle production following the addition of actinomycin D was determined by the reverse transcriptase assay and by the incorporation of viral genomic 70S RNA into extracellular virions. Both assays yielded similar results and indicated that particle production was inhibited at a rate (t~ = 4 h) somewhat faster than the decay of Pr769ag synthesis or the disappearance of 9.3 kb RNA. It was established by two independent methods (pulse and chase, and approach to isotope equilibrium), however, that the intracellular halflife of the RNA that is packaged into virions is 6 to 7 h. Tt~us, these results suggest that a single metabolic pool of 9.3 kb RNA exists in avian sarcoma virus-infected cells and is used both as mRNA and as genome RNA.
INTRODUCTION
At least three species of virus-specific mRNA molecules are produced in ceils infected with non-defective avian sarcoma viruses (ASVs) : (i) a 3-3 kilobase (kb) RNA that serves as mRNA for pp60 src, the protein responsible for the mediation of cell transformation (Brugge & Erikson, 1977) ; (ii) a 5.4 kb RNA that serves as mRNA for the precursor to the virion envelope proteins (Pawson et al., 1977 (Pawson et al., , 1980 ; and (iii) a 9.3 kb RNA that serves as mRNA for the nonglycosylated viral structural protein precursor, Pr76g a9 (Von der Helm & Duesberg, 1975; Pawson et al., 1976) . The structure of the mRNA for the putative precursor to the reverse transcriptase Prl80gag -p°~ has not yet been established, but information derived from the 0022-1317/83/0000-5704 $02.00 © 1983 SGM sequence of the Prague C strain genome RNA suggests the possibility that it is coded for by an approximately 9.3 kb RNA in which the termination codon for Pr76 ga0 is removed by splicing (D. Schwartz, personal communication) . Besides these RNA species, additional 9.3 kb RNA molecules are packaged into virions as a dimeric 70S complex (Mangel et al., 1974) . It is not yet clear whether the 9.3 kb RNA that is packaged is identical to the 9-3 kb mRNA.
Relatively large amounts of ASV RNA (in the range of 1000 to 10000 molecules per cell) accumulate after the infection of permissive avian cells. It has been assumed that this accumulation of RNA results from a high rate of transcription of ASV DNA which represents only a few copies per cell genome (Khoury & Hanafusa, 1976) . Recent experiments where the ASV promoter has been used in the construction of chimeric DNA molecules support this interpretation. High levels of gene expression are obtained where the ASV long terminal repeat (LTR) is placed upstream of a gene such as bacterial chloramphenicol acetyl transferase (Gorman et al., 1982) . The insertion of the avian leukosis LTR upstream of the cellular myc gene results in a higher than normal level of expression of the myc gene RNA and this activation is thought to be involved in the pathogenesis of avian leukosis Neel et al., 1981) . However, since steady-state RNA levels were measured in the studies cited above, it is possible that the accumulation of RNA might result wholly or in part from the production of mRNAs which are more stable than the bulk of the cellular mRNAs.
Little information is available on the stabilities of the retrovirus RNAs. Previous results from our laboratory have indicated that the env mRNA has a relatively long half-life. Under conditions where the accumulation of newly synthesized env mRNA was almost completely blocked by the addition of the methylation inhibitor cycloleucine, considerable amounts of preexisting env mRNA remained in the cells for at least 24 h after the addition of the drug (Stoltzfus & Dane, 1982) . Evidence has been obtained with AKR murine leukaemia virus (MuLV) suggesting that the full-size 35S genome RNA is considerably less stable than the gag mRNA (Levin & Rosenak, 1976; Messer et aL, 1981) . In the presence of the transcription inhibitor actin0mycin D, the production of infectious virions containing 70S genome RNA is rapidly shut off. However, non-infectious particles containing host-derived 4S RNA and a normal complement of newly synthesized proteins are produced for extended periods after the addition of the drug (Levin & Rosenak, 1976) . These results led to the conclusion that there are two pools of 35S RNA in MuLV-infected cells: one pool which is rapidly turning over with an estimated half-life of 3 to 4 h serves as genome RNA and the other pool which is relatively stable with a half-life of at least 12 h serves as mRNA for the gag proteins (Messer et al., 1981) . It was further suggested from these experiments that the mRNA for the env polypeptide was relatively more stable than the mRNA for the gag polypeptides (Messer et aL, 1981) .
In this report, we have compared the stabilities of the various ASV RNA species with each other and to that of the bulk host mRNA. Our results indicated that the decay of the 9.3 kb gag mRNA occurs at a considerably faster rate than that of the 5.4 kb env mRNA, whereas the 3-3 kb src mRNA decays at an intermediate rate. The stabilities of the ASV mRNAs however do not differ significantly from the majority of the host mRNAs. In contrast to MuLV-infected cells, ASV-infected cells do not appear to contain a special pool of rapidly turning over 9.3 kb genomic RNA that is packaged into virions.
METHODS

Cells and viruses.
Chicken embryo fibroblasts [virus-negative, chick helper factor (chf)-negative, avian leukosis virus group-specific antigen-negative] from SPAFAS, Inc. (Norwich, Conn., U.S.A.) were infected with a recently cloned stock of B77 ASV according to previously described techniques (Stoltzfus & Snyder, 1975) .
Isolation of cellular and virion RNA. Plates of" cells were washed once with 5 ml of an ice-cold solution containing 140 mM-NaC1, 5 mM-KCI, 0-6 mM-Na2HPO,, 5.5 mi-glucose, 25 mM-Tris-HCl pH 7-2 (TBS). The TBS was removed and the cells were dissolved in 8 M-guanidine hydrochloride, 0.1 M-potassium acetate, pH 5.2 (1 ml per plate). The RNA was then purified essentially according to the techniques of Strohman et al. (1977) . The poly(A)-containing RNA [poly(A) ÷ RNA] was isolated by oligodeoxythymidylate-cellulose chromatography (Aviv & Leder, 1972) . Purification of virions from culture fluid and isolation of virion 70S and 38S RNAs were carried out as described previously (Stoltzfus & Snyder, 1975) .
Hybridization selection of virus-specific RNA. The selection of virus-specific RNA from the total poly(A) + RNA was carried out by hybridization of the RNA to denatured cloned viral DNA covalently attached to cellulose. These techniques have previously been described in detail (Stoltzfus & Dane, 1982) .
Preparation of [ 3 l-l] leucine-labelled cytoplasmic extracts. After pulse-labelling cells with [3 H]leucine as described below in the Results section, the culture fluid was removed, the cells were washed once with 5 ml ice-cold TBS and were disrupted in a solution (RIPA buffer) containing 150 mM-NaC1, 10 mi-sodium phosphate pH 7.2, 1% (v/v) Triton X-100, 1 ~ (w/v) sodium deoxycholate, 0.1 ~o (w/v) SDS, 1 ~o (v/v) Aprotinin and 1 mM-phenylmethylsulphonyl fluoride (Sefton et al., 1978) . After incubation of the cell extracts for 20 rain at 4 °C, they were centrifuged at 20000 g for 30 min. The supernatants were removed and stored in 0.5 ml aliquots. Samples were also removed to measure the total incorporation of radioisotope into hot trichloroacetic acid-insoluble material and for protein determination according to the method of Lowry et al. (1951) . In a typical experiment, the zero-time sample contained 1.6 x 106 ct/min per ml and 2.7 mg per ml protein.
Immunoprecipitation of virus-specific polypeptides. The immunoprecipitation of immune complexes by formalinfixed Staphylococcus aureus Cowan I strain (SAC) was carried out essentially according to the methods of Kessler (1975) . Samples (approx. 0.5 ml) containing an equal mass of protein were used for each immunoprecipitation. To each sample was added 15 Ixl control serum (either goat or rabbit as required) and the samples were incubated for 30 min at 4 °C. At this time, 200 ~tl of washed 10~ (w/v) SAC was added to each tube and the contents were incubated for 15 rain at 4 °C. The SAC was then pelleted by centrifugation and the supernatants were removed. To the supernatants an appropriate volume of antiserum was added (10 to 20 ~tl). After 30 min 200 I11 of a 10~ suspension of SAC was added and after 15 rain at 4 °C the SAC was pelleted. The pellets were washed once with 200 ~tl RIPA buffer containing 1 ~ (w/v) bovine serum albumin and twice with 200 tll RIPA buffer. The pellets were suspended in 75 p.l of a solution containing 1 ~ (w/v) SDS, 5 ~o (v/v) 2-mercaptoethanol, 10 ~ (v/v) glycerol, Tris-HC1 pH 6.8, and 0.001 ~ (w/v) bromophenol blue, and heated for 3 min at 100 °C. The SAC was then pelleted -and the supernatants were loaded on 10 ~ SDS-polyacrylamide gels. The gels were prepared essentially according to the procedure of Laemmli (1970) .
Reverse transcriptase assays. Culture fluid from infected cells was centrifuged at 6000 g for 30 min. Samples (10 vtl) of clarified medium were added to 90 ul of a solution containing 60 mM-Tris-HC1 (pH 8.2), 10 mM-magnesium acetate, 80 mi-NaC1, 1 mM-dithiothreitol, 0.5~ (v/v) Triton X-100, 55 p.g of poly(A).oligo(dT)~2_18 per ml and 67 ~tCi of [3 H]T~I-p per ml. The reaction was carried out for 2 h at 37 ~C. The amount of incorporation into ice-cold 5~o trichloroacetic acid-insoluble material was determined.
were purchased from Amersham. [Me-3H]TTP (60 Ci/mmol) and [2-14C]uridine (60 mCi/mmol) were purchased from ICN. Actinomycin D and Aprotinin were obtained from Sigma. Antiserum to disrupted avian myeloblastosis virus (AMV) was obtained from Division of Cause and Prevention, National Cancer Institute, Bethesda, Md., U.S.A. Antiserum to avian leukosis virus envelope proteins was a generous gift from Dr R. Rueckert, University of Wisconsin. Poly(A)-oligo(dT)t 2-18 was purchased from P-L Biochemicals.
RESULTS
Decay of cellular and B77 ASV RNA species after the addition of actinomycin D
The decay rates of cellular and ASV RNAs were followed by labelling infected chicken embryo cells with [3H]uridine for 14 h, adding actinomycin D to the medium at a final concentration of 1 ~tg per ml to stop transcription and harvesting the cells at the time of actinomycin D addition and at four, 3-h intervals thereafter. This concentration of actinomycin D was sufficient to inhibit the transcription of the bulk cellular poly(A) ÷ RNA by greater than 95% (data not shown). The total cellular RNA was isolated by the guanidine hydrochloride technique (Strohman et al., 1977) and the poly(A) + and poly(A)-RNA fractions were separated by oligo(dT)-cellulose chromatography. The results of this analysis are given in Fig. 1 . The amount of poly(A)-RNA in the cells underwent an initial decrease and then remained constant throughout the rest of the experiment. This was expected, since the bulk of the labelled poly(A)-RNA represents stable ribosomal RNA. The poly(A) + RNA appeared to decay at two rates; one component, representing approximately 25% of the radioactivity, decayed with a half-life of approx. 7 h whereas approximately 75% of the radioactive poly(A) + RNA decayed with a halflife of about 13 h. This was determined by extrapolating the line in Fig. 1 back to zero time.
Virus-specific RNA was selected from the poly(A) + RNA by two cycles of hybridization to cloned denatured viral DNA covalently attached to cellulose. Note that the half-life for the decay of the total virus-specific RNA was approximately 11 h ( was then electrophoresed on agarose gels containing methylmercury hydroxide, and the locations of the bands were determined by fluorography (Fig. 2a) . Note the presence of the 9-3 kb genome-length RNA, the 5-4 kb env mRNA, and the 3-3 kb src mRNA. It was qualitatively evident from gels of this type that the 9.3 kb RNA decayed at a faster rate than did the 5.4 kb RNA. In order to confirm this result, the bands were cut out of the gel and the amounts of radioactivity in each band were measured and compared to the zero time values. These results are plotted in Fig. 2 (b) . From these data we calculated that the half-life of the 9.3 kb RNA under these conditions was approximately 7-5 h whereas the half-life of the 5.4 kb RNA was approximately 15 h. The 3.3 kb RNA decayed with a half-life of approximately 10.5 h.
Decay of cellular and B77 ASV mRNA activities after the addition of actinomycin D
We next investigated whether the decay rates determined by the disappearance of the various RNA species from the treated cells correlated with the disappearance of the protein synthetic activities for the respective gene products. Infected cells were treated with medium containing 1 ~tg actinomycin D per ml to block transcription as in the previous experiment. At 3-h intervals after the addition of the drug, the cells were pulse-labelled with [3 H]leucine for 20 min. Extracts were prepared from the labelled ceils and the total incorporation of radioactivity into hot trichloroacetic acid-insoluble material was determined. The total incorporation rate decayed logarithmically with a half-life of 11 h (data not shown). This half-life corresponded reasonably well with that obtained in Fig. 1 for the decay of the [3 H]uridine-labelled poly(A) ÷ RNA and established the validity of this approach for measuring decay rates of viral mRNAs.
The decay rate for the virus-specific mRNA was measured by immunoprecipitation of virusspecific proteins either with excess antiserum to gag or to env gene products. The Fig. 2(a) were excised from the dried gel, soaked in water for 30 rain to allow the gel to swell, and then incubated overnight at 37 °C in 10 ml of a toluene-based liquid scintillation counting fluid containing 8 % (v/v) Protosol (New England Nuclear). The percentage of the total virus-specific RNA was determined and, from the total virus-specific RNA values obtained as described in the legend to Fig. 1 , the amounts of the individual RNA species were determined. The zero time value was set equal to 100%
immunoprecipitates were electrophoresed on SDS-polyacrylamide gels and the gels were fluorographed. In Fig. 3(a) are shown the results obtained using antiserum to detergentdisrupted A M V virions. Two major virus-specific polypeptides were immunoprecipitated under these conditions: Pr76gao, the major product, and a cleavage intermediate Pr66 gag (Vogt et al., 1975) . Assuming that the amount of incorporation is proportional to the amount of m R N A present, we calculated a half-life for gag m R N A (Fig. 5 and Table 1 ). Note that the half-life obtained for the m R N A based on the results for Pr76g ag was approximately 6 h (average of two experiments). This agrees reasonably well with the value of 7.5 h obtained for the half-life of the 9.3 kb R N A obtained above. Additional polypeptide bands which did not precipitate in the control serum were also present on the gels. These were apparently of host origin since they, in contrast to Pr76 g~o and Pr66g ~, could not be competed out by the addition of excess nonradioactive virion proteins to the immunoprecipitate (data not shown).
The half-life of the env m R N A was determined in a similar fashion, using excess antiserum directed against the envelope polypeptides of avian leukosis virus. Note the major band of gPr92 env corresponding to the precursor to the viral envelope proteins (Fig. 3 b) . A n additional minor slower migrating band with apparent tool. wt. of approximately 140000 was also present (see Fig. 3b ). We assume that this band is derived from a cross-reacting host polypeptide which has been previously described and is present in both c h f ( + ) and c h f ( -) chicken fibroblasts (Bosch et al., 1978) . The bands corresponding to gPr92 env were excised from the gel and the amounts of radioactivity were determined. The half-life for the decay of env m R N A activity was determined to be approximately 14 h (Fig. 3c and Table 1 ). Thus the rate of decrease agreed with the rate at which the 5.4 kb R N A species decays. We concluded that the m R N A for env proteins has a considerably greater half-life than for the gag proteins under the conditions of actinomycin D inhibition. Pig. 3. Immunoprecipitation of [3H]leucine-labelled virus-specific polypeptides from actinomycin Dtreated infected cells using (a) anti-AMV antiserum and (b) anti-env antiserum. B77 ASV-infected chicken embryo fibroblasts were treated with medium containing 1 lag per ml actinomycin D. At the time of the addition of the drug and every 3 hours after this, four 100 mm Petri dishes of treated cells were incubated for 30 rain in appropriate medium either containing or lacking actinomycin D and lacking leucine. After this incubation, the cells were labelled with 50 laCi per ml [3 H]leucine for 20 min. The cells were then lysed in RIPA buffer and virus-specific polypeptides were immunoprecipitated with (a) anti-AMV or (b) anti-env antisera according to the procedure described in Methods. The immunoprecipitates were disrupted at 100 °C and analysed on 10% SDS-polyacrylamide gels. Lanes C contain immunoprecipitates made at zero time with control antiserum. Fluorography at -70 °C was carried out for 1 week. (c) Appropriate polypeptide bands from the gels shown in (a) and (b) were excised from the gel and counted for radioactivity according to the procedure in the legend to Fig. 2 . The percentage of radioactivity in the appropriate bands relative to the zero time samples were determined and plotted on the graph. In this experiment, the Pr76 gag (O), Pr66 ga9 (not shown) and gPr92 ~ (C)) bands contained 5.9 × 10 3, 1.9 x 103, and 1.1 x 103 ct/min respectively. Fig. 3 .
Rate of A SV virus particle production after the addition of actinomycin D
We next investigated the rate at which virus particle production was reduced after the addition of actinomycin D. A significant difference in this rate when compared to the rate of decay of the cellular 9-3 kb RNA or gag mRNA activity might indicate the presence of a special pool of 9.3 kb RNA destined to be packaged into virions. To test for the rate of production of 70S RNA-containing particles, cells were treated with [3H]uridine for 15 h to label the pool of intracellular RNA and then treated with actinomycin D. Media were collected at 3-h intervals from both treated and untreated ceils and the virus was purified. RNA was extracted from the virions and the amounts of 70S RNA in the particles were determined and compared to the control. The production of physical virus particles was tested by measuring the reverse transcriptase activities of the culture fluids collected at 3-h intervals following the addition of actinomycin D. The results of these assays are given in Fig. 4 . The rate of inhibition of virus production according to both assays is similar and has a half-life of approximately 4 h. Thus, there was no evidence for the production of defective virions lacking 70S RNA and containing host 4S RNA as is the case with murine leukaemia virus-infected cells treated with actinomycin D (Levin & Rosenak, 1976; Messer et al., 1981) . Furthermore, the proportion of 4S to 70S RNA remained constant in virions collected at the various time points (data not shown).
Turnover rate of genome RNA under conditions where transcription is occurring
Because the decay of virion production was somewhat faster than the decay of gag mRNA activity or that of 9-3 kb genome-size RNA, we tested the hypothesis that the genome RNA constituted a special pool of rapidly turning-over 9.3 kb RNA. Two independent experiments were carried out to measure the turnover rate of the genome RNA pool. Fig. 1 . At 3-h intervals, the culture fluid was harvested from both actinomycin D-treated and from control cells. Virus was purified from the culture fluid according to previously described methods and the RNA was extracted (Stoltzfus & Snyder, 1975) . The RNA was sedimented through 5 to 30~ glycerol gradients and the amount of radioactivity present in the 70S RNA peak was determined. The reverse transcriptase activities were determined for samples of culture fluid obtained in a similar manner to that described above except that the [3H]uridine label was not added. All values are expressed relative to untreated control cells. O, 70S RNA; /%. reverse transcriptase. The zero time values for the 70S RNA and reverse transcriptase were 7-6 x 10 3 ct/min and 4-8 × 104 ct/min respectively.
The first experiment was a 'pulse' and chase experiment using [Me-3H]methionine. Because the viral genome RNA is methylated both at its 5'-terminal cap and internally at adenosine residues (Furuichi et al., 1975; Stoltzfus & Dimock, 1976) , the turnover rate of [3H]methyllabelled viral RNA can be followed by the addition of an excess of non-radioactive methionine. Thus, ASV-infected cells were pre-labelled with [Me-3H]methionine for 12 h, the methionine pool was chased by the addition of medium containing 100 mM-methionine, and virus was purified from the culture fluid harvested at 3-h intervals following the addition of the nonradioactive methionine. The 38S genome RNA was isolated and the amount of 3 H radioactivity in the RNA was determined. In order to normalize for differential recoveries, [~4C]uridine was added to the medium 23 h before the start of the experiment and was present during the 12 h [Me -3 H]methionine labelling and subsequent chase period. Thus the amount of remaining 3 n o methyl-labelled RNA in the virion RNA could be normalized by, determining the 3H to 14C incorporation ratios. By this procedure, the half-life of the viral genome RNA pool was determined to be approximately 7 h (Fig. 5) .
Another method for determining the half-life of RNA species has been described by Greenberg (1972) . In this technique, the half-life of an RNA species is determined by the rate at which the incorporation of [3H]uridine into the RNA species approaches isotope equilibrium. We adapted this method to determine the turnover rate of the RNA pool from which the genome RNA is withdrawn. . Chase of 3H-methyl radioactivity from B77 38S virion RNA. Infected chicken embryo fibroblasts were labelled with 0-05 ~tCi [2-14C]uridine per ml for 23 h. The medium was then changed to methionine-free medium, the cells were incubated for 3 h, and 125 ~tCi per ml [Me-3H]methionine was added. The cells were labelled for 12 h after which the medium containing 0-05 ~tCi per ml [l+C] uridine was brought to a concentration of 200 ~ with non-radioactive methionine in order to chase 3 H-methyl label from virion components. The culture fluid was subsequently harvested at 3 h intervals and purified. The 3H-methyl/l+C ratios were determined for the 38S RNA from virus harvested at each time point. The ratios at the first 3 h time point were set equal to 100~ and the ratios at the other time points were normalized to this value. 2199 incorporation of label into viral RNA was determined. We assumed that this incorporation reflected the extent of labelling of the intracellular genome RNA pool during the 4-h harvesting periods. To ensure that the specific activity of the radioactive precursor was constant during the experiment (an assumption of the method), we included non-radioactive uridine in the medium at a concentration of 1 ~tg per ml. In order to correct for differential recoveries of virions, cells were pre-treated for 24 h with [t4C]uridine. [1+C]Uridine at the same concentration was also included in all the media after addition of [3 H]uridine. Since the [14C]uridine incorporation into virion RNA reaches isotopic equilibrium during the pre-treatment (see below), the amount of 14C radioactivity recovered in virions is directly proportional to the amount of virion RNA. Therefore the approach of [3 H]uridine to isotopic equilibrium in virion RNA can be normalized by determining the 3H to 14C ratios of RNA from virions harvested at various times.
The results, given in Fig. 6 , indicated that the rate of approach to equilibrium can best be fitted to a curve where a half-life of 6 h is assumed for the genome RNA pool. Note that in Fig. 6 a lag time of 3 h before the appearance of the 3H label in virions was used to construct the theoretical curves. This is an experimentally determined value and suggests that this is a minimum length of time required for viral RNA to be synthesized, transported to the cytoplasm, and associated with the intracellular genome RNA pool.
We concluded from both of these experiments that the genome RNA pool turns over with a half-life of 6 to 7 h under conditions where transcription and virus production are proceeding normally. This result was not significantly different from the half-life of the total cellular 9.3 kb RNA (7.5 h) and the gag mRNA activity (6 h) determined previously. It suggests therefore that a special rapidly turning over pool of genome RNA is not present in ASV-infected cells. [l~C]uridine. Virus was purified from the medium by previously described techniques. The amount of radioactivity in the peak of purified virions was measured and the 3 H/14 C ratios were determined for each time point. (The ratios of purified 70S RNA were not significantly different from this.) According to the terminology of Perry & Kelly (1973) , A ~ (ratio at isotope equilibrium) was determined to be a 3H/14C ratio of 12.5. The theoretical curves were drawn assuming the half-lives shown. For these calculations, a cell doubling time of 26 h was determined and a lag time of 3 h was assumed.
DISCUSSION
We have shown that the intracellular half-lives of the B77 ASV 9.3, 3.3, and 5.4 kb RNAs are 6 to 7 h, 10 h, and 14 to 15 h respectively when transcription is inhibited with actinomycin D. The total cellular poly(A) + RNA of which the viral RNA represents only a few percent (T. Ficht & C. M. Stoltzfus, unpublished results) appears to be composed of two kinetic classes with half-lives of 7 h and 13 h. Therefore, the viral mRNAs are not significantly more stable under these conditions than the cellular mRNAs. It indicates therefore that the relatively large amount of viral RNA present in infected avian cells primarily results from increased transcription rather than increased stabilization of viral RNA. It also suggests that the high levels of expression obtained when the ASV LTR is placed upstream of cellular genes either as a result of infection by leukosis virus Neel et al., 1981) or in chimeric plasmids (Gorman et al., 1982) also results predominantly from increased transcription rather than increased stabilization of the RNA. It should be mentioned that in these experiments we did not assay for stability of mRNA beyond 12 h after the actinomycin D addition. Therefore it is possible that the remaining RNA present at this time decays at a different rate.
There are, however, significant differences in the turnover rates of the different viral RNA species. The 5-4 kb env mRNA appears to turn over at approximately half the rate of the 9.3 kb RNA. This difference in turnover rate cannot be due only to the smaller size of the env mRNA since the src mRNA is even smaller yet it turns over faster. One possible reason for the increased turnover rate of the 9.3 kb RNA is that a fraction of the 9.3 kb RNA exits from the cell and is packaged into virions whereas little or none of the 5.4 kb RNA is packaged (T. Ficht, unpublished observations). It is also possible that the association of polysomes containing env mRNA with membranes in the cell stabilizes it relative to the gag mRNAs which remain on free cytoplasmic polysomes (Lee et al., 1979) . It is of interest that the 35S RNA in murine leukaemia virus-infected cells also decays more rapidly than the 21S subgenomic env mRNA when transcription is blocked by actinomycin D (Messer et al., 198 l) . One implication of the apparent difference in half-lives for avian retrovirus RNA metabolism is that for comparable steady state levels of gag and env mRNA to be present in infected cells, considerably more of the 9.3 kb RNA would need to remain unspliced than the amount that is spliced. This agrees with several studies which have been carried out on the rate and extent ofASV mRNA accumulation (Hackett et al., 1981; Stoltzfus & Dane, 1982) .
It appears from our data that after the inhibition of transcription, virus particle production decreases at a more rapid rate than does the decay of the 9-3 kb RNA or of gag-specific protein synthesis. One possible explanation would be that the 9.3 kb genome RNA decays at a more rapid rate than the 9.3 kb gag mRNA. Such a hypothesis has been invoked to explain the fact that production of murine leukaemia virus particles containing 70S genome RNA decreases rapidly after treatment with actinomycin D whereas the production of defective particles containing host 4S RNA and a full complement of viral proteins are produced for extended periods of time (Messer et al., 1981 ; Levin & Rosenak, 1976) . However it appears from our results that the intracellular turnover rate of the ASV RNA which is packaged is not significantly different from the rate of decay of the total cellular 9-3 kb RNA or the gag mRNA after actinomycin D inhibition. Our results are therefore consistent with the hypothesis that in ASV-infected cells there is a single metabolic pool of 9.3 kb RNA which is used both as genome RNA and as mRNA.
To account for the more rapid shut-off of particle production we offer two possible explanations. First, the effect could be drug-related and actinomycin D might inhibit some process other than transcription or translation that is important for virus assembly or budding. Second, the production of virions might depend on a certain critical concentration of viral proteins. As the protein synthetic rate drops due to reduced amounts of mRNA, the amount of viral protein might fall below a certain threshold level and selectively shut off packaging of RNA. Such a mechanism might be important in regulating the flow of 9.3 kb RNA through its three pathways: splicing, translation, and packaging.
